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INTRODUCTION 
Hail r e s e a r c h conducted in 1965 included four s tudies , th ree of which are descr ibed 
in this repor t . The fourth is a detailed analysis of the ha i l s to rms in Illinois on June 19-20, 
1964, d iscussed in a separa te publication ( 1 ). 
The f irst study involved the determinat ion of the hail r i sk to corn and soybeans. 
The r e s e a r c h was begun in 1964 ( 2 ) and completed in 1965. Basical ly it concerns the 
development of an accura te a r e a l por t rayal of the hail r i sk to these crops by combining 
climatological hail data with c rop- insurance data. The re su l t s obtained in 1965 indicate 
1 ) the a rea l var ia t ion in c rop r i sk from hail, and 2 ) the point and a r e a l differences in 
degree of r i sk between corn and soybeans. 
The second study concerned var ia t ions in hail intensity as related to a rea , t ime, and 
causes . Three types of cl imatological hail data, each containing different indirect 
m e a s u r e s of intensity were used. The major purposes of this hai l - intensi ty invest igat ion 
were 1 ) to de termine which hail p a r a m e t e r s indicative of intensity were causes of c rop 
damage; 2 ) to compare the cl imatological a r e a l var ia t ions in intensity with those 
derived from the Illinois insurance data; and 3 ) to compare the climatological t empora l 
var ia t ions in hail intensity with those derived from the Illinois insurance data. 
The third study pursued in 1965 was a continuation of the investigations of individual 
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Illinois ha i l s to rms ( 3 , 4, 5, 6 ). During the spring of 1965, 19 different ha i l s t o rms 
occurr ing on four different dates were observed on State Water Survey raingage networks 
in centra l and southern Il l inois. Recording ra ingages in two southern Illinois networks 
comprising 93 recording and stick raingages were adapted to r ecord the t ime of hail . 
These data plus network obse rve r r epor t s of hail t ime, s ize , and frequency were 
coupled with the rainfall data to enable car tographic por t raya l s of 13 h a i l s t o r m s . A 
se r i e s of six ha i l s to rms in a 7. 5-hour period on Apri l 8, 1965, passed a c r o s s the 
Survey 's 20-gage network located in the 13-square -mi le a r e a of Champaign-Urbana, and 
the ha i l - r a in data from the ra ingages plus obse rve r data allowed recons t ruc t ion of the 
six ha i l s to rms during their passage over the network. 
The fourth hail study dealt with the ve ry damaging ha i l s to rm in nor thern and cent ra l 
Illinois on June 19-20, 1964. The losses in the 24-hour s t o r m period to insurance 
companies in the Associat ion exceeded $4 mill ion, the g rea te s t 1-day loss on record for 
Il l inois. Studied p r imar i ly were the r ada r - echo ha i l s to rm pa t te rns , the ha i l s to rm 
pat terns , the associa ted synoptic weather conditions, and the detailed a r e a l por t raya l 
of the loss pa t t e rns . The study was sufficiently extensive to war ran t presenta t ion in a 
separa te r epor t ( 1 ). 
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HAIL RISK TO CROPS 
Introduction 
Over the past two yea r s the author, with the a s s i s t ance of staff m e m b e r s of the 
Associat ion and affiliated insurance companies , has worked towards the proper use of the 
cl imatological ha i l -days data to develop regional pa t te rns of hail r i s k in I l l inois . The 
des i red goal was to obtain the best possible descr ip t ion of the hail r i sk to the two major 
Illinois c rops , corn and soybeans. . These hail r i sk descr ip t ions or pat terns could then be 
used to develop new and presumably bet ter regional r a t e s t ruc tures in Il l inois. 
Obviously the summer or c rop- season average hai l-day pat terns derived from U.S . 
Weather Bureau data were not ent i re ly adequate po r t r aya l s of the a r e a l var ia t ion in the 
hail r i sk to c rops . Crop susceptibil i ty td damage was a lso known to vary seasonal ly 
and regionally, but as mentioned in Resea rch Repor t No. 23, it was ex t remely difficult 
to obtain an objective numer ica l express ion of these a r e a and time var ia t ions in damage 
susceptibil i ty ( 2 ). 
Hail r i sk to a c rop at any point is a function of 1 ) the average number of hai l 
occur rences during the c rop ' s growing season, 2 ) the intensity of this hail, and 3 ) the 
susceptibil i ty of the c rop to damage. If the c rop va r i e s in susceptibili ty to damage with 
t ime ( during the growing season ), then the hail intensity values and average hail occurr-
ences should be computed for each significantly different period of c rop-damage 
susceptibil i ty. The sum of these t empora l values a r e then an express ion of the total 
r i sk at any location. 
The analysis accomplished in 1964 on this h a i l - r i s k problem revealed that average 
point values and subsequently statewide average pa t t e rns of hail days could be der ived 
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from the point hail data for semi-monthly per iods , or any combinations thereof. Thus 
t empora l and a r ea l var ia t ions ( or pat terns ) of one des i red i tem for r i sk de terminat ion 
( hail days ) were available ( 2 ). However, seasonal and regional express ions of hai l 
intensi t ies were not available, but n e c e s s a r y for an objective calculation of hail r i s k . 
Analytical Approach 
Several approaches to determining the seasonal var ia t ions of hail intensity and c rop 
susceptibi l i ty at a point were analyzed and presented in R e s e a r c h Report 23, but the 
genera l subjectivity of these approaches ra i sed many questions about the c o r r e c t 
weighting of the r i sk in different per iods of the c rop season. This problem was resolved 
by determining a "seasonal intensity (SI ) index" using the Illinois CHIAA data on loss 
cost and storm days for the 1957-1964 period. For each of the hailstorm days in this 
period a loss cost was calculated. The SI index for any period, such as a month, is the 
median value of al l the s to rm loss cost values in a given month. In other words , this SI 
index could also be called a susceptibility-to-damage index because it integrates into 
one value, for any given t ime period, the intensity of the s t o r m s and the damagabil i ty of 
the c rops in that period of t ime . 
Since the eight yea r s of CHIAA s to rm-day loss cost data were considered insufficie?? 
to allow calculation of valid regional SI indices, express ions of regional var ia t ions in 
hail intensity and damage susceptibi l i ty to crops had to be obtained by a different method. 
A "regional intensity ( RI ) index" was de termined for each of the nine large c rop- repor t -?? 
ing d i s t r i c t s of Illinois using 17-year insurance r e c o r d s . In each d i s t r i c t the loss costs 
of al l townships were used to compile an a r ea average loss cost, which then became the 
RI index for the d i s t r i c t . Thus, an express ion of hail intensity was made available for 
each d i s t r i c t . 
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Determinat ion of SI Indices 
The l is t ings of ha i l s to rm-day loss costs ( l i ab i l i ty divided by l o s se s ) f rom the 
1957-1964 Illinois data were provided by the CHIAA for both corn l o s s e s and soybean 
l o s s e s . For each crop, the data were divided into semi-monthly and monthly per iods , 
and means and medians were determined for each period. The r e su l t s a re shown in 
Tables 1 and 2 and F igures 1 and 2. 
Inspection of the corn loss cost values for the semi-monthly per iods r evea l s that 
the maximum l o s s , or in tensi ty-suscept ibi l i ty , period occurred with s t o r m s in the 
July 1 - August 15 period when the s to rm loss values for the three 2-week per iods were 
$. 001. The soybean loss cost values in Table 1 indicate that the second half of 
September is the 2-week period of maximum intensi ty-suscept ibi l i ty ( loss) . In te res t -
ingly, a secondary peak occurs in the second half of June and another minor one in the 
f i r s t two weeks of August. 
Table 2 a lso shows the monthly median and mean values for s t o r m loss cos t s . 
Means a re presented to i l lus t ra te the skewness of the s to rm data and the r ea son why 
median values were used . A few excessively damaging s to rms in a month, such as in 
June, during this 8-year period resul ted in a great dis tor t ion of the June mean monthly 
loss cost value. Since the value of the monthly express ion of loss depends on its 
validity in compar i son with the other monthly va lues , this skewness obtainable from the 
mean values indicates the des i rabi l i ty of using median va lues . 
The corn monthly median s to rm-day values indicate a peak of s t o r m loss costs in 
July with a value of $. 001. Losses per s to rm in June and August a r e equal for corn , 
and as shown in F igure 2,. the monthly-values a r e normal ly dis tr ibuted around the peak 
in July. 
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The median monthly s to rm-day loss costs for soybeans indicate a peak in July of 
$. 0009 and a relatively high value in June. Except for those in May and July, the 
soybean monthly loss costs are greater than those for corn. 
The median monthly loss cos ts shown in Table 2 were selected for use as the SI 
indices since in one number they integrated the t empora l differences in hail intensity 
and in c rop susceptibi l i ty. The decimals were dropped so that the May corn SI index 
became 1, the June index 3, the July index 10, e tc . 
Determinat ion of RI indices 
Since loss cost data integrated as one value any regional differences that exis t in 
hail intensity and in damage susceptibi l i ty, regional intensity indices a lso were 
developed from CHIAA loss cost data. For each crop repor t ing d i s t r i c t in Il l inois, a l l 
the township loss costs der ived from 1948-1964 data were averaged to obtain a regional 
loss cost value. These values for the nine d i s t r ic t s a r e shown in Table 3. To obtain an 
RI index, the loss cost values were rounded to the nea re s t tenth of a dollar and the 
resul t ing RI indices used in the final determinat ion of the c rop r i sk values a r e 
presented in Table 3. 
TABLE 3 
REGIONAL AVERAGE LOSS COSTS AND RI INDICES 
Dis t r i c t s 
Average Loss 
Cost, $ 
RI Index 
0.73 0.77 0.46 0.50 0.39 0.57 0.25 0.68 0.60 
0.7 0.8 0.5 0.5 0.4 0.6 0.3 0.7 0.6 
T A B L E 1 
S E M I - M O N T H L Y MEDIAN STORM LOSS COSTS IN ILLINOIS BASED ON A V E R A G E 
DAILY LOSS COSTS ( P E R C E N T POLICIES) F O R 1 9 5 7 - 1 9 6 4 P E R I O D 
C o r n 
N u m b e r of 
S t o r m D a y s 
M e d i a n L o s s 
Cos t , $ 
24 42 55 66 72 64 40 19 14 0 0 
. 0 0 0 1 . 0 0 0 3 . 0 0 0 2 .00.10 . 0 0 1 0 . 0 0 1 0 . 00.01 . 0 0 0 1 . 0 0 0 1 0 0 
T A B L E 2 
MEAN AND MEDIAN MONTHLY STORM LOSS COSTS IN ILLINOIS BASED ON A V E R A G E 
DAILY LOSS COSTS ( P E R C E N T POLICIES) F O R 1957-1964 PERIOD 
C o r n 
N u m b e r of 
S t o r m D a y s 
M e d i a n L o s s , C o s t , ,$ 
M e a n L o s s C o s t , $ 
S o y b e a n s 
N u m b e r of 
S t o r m D a y s 
M e d i a n L o s s C o s t , $ 
M e a n L o s s C o s t , $ 
26 97 138 104 33 0 
. 0 0 0 1 . 0 0 0 3 . 0 0 1 0 . 0 0 0 3 . 0 0 0 1 0 
. 0 0 0 0 4 . 0 0 2 3 . 0 0 1 3 . 0 0 0 5 . 0 0 0 3 0 
37 141 139 98 63 33 
. 0001 . 00.07 . 0009 • 0004 . 0003 . 0002 
. 0 0 0 5 . 0 0 4 6 . 0 0 2 0 . 0 0 0 8 . 0 0 1 9 . 0 0 1 4 
Fig. I. SEMI-MONTHLY LOSS COSTS FOR CORN AND SOYBEANS 
Fig. 2. MONTHLY LOSS COSTS FOR CORN AND SOYBEANS 
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Location of the nine d i s t r i c t s is shown in Figure 6. These values revealed the exis tence 
of significant a r e a l var ia t ions in hail intensity and damage susceptibil i ty. Highest r i s k 
a r ea s a r e the NW, NE, SW, WSW, and SE d i s t r i c t s . 
Method of Calculation of Hail Risk 
The actual method of using the hai l -day ( frequency ) data and the two intensity 
indices to de termine a r e a l pat terns of the hail r i sk for each crop is i l lus t ra ted he re by 
the data from two different locations. At each station with accurate hai l -day a v e r a g e s , 
the average monthly values were multiplied init ial ly by the statewide monthly SI indices 
as shown in Table 4. The resul t ing products were summed to produce subtota ls . These 
subtotals were 94 at Carl invil le and 78 at Sycamore . 
TABLE 4 
EXAMPLES OF CALCULATIONS OF HAIL RISK TO CORN 
AT CARLINVILLE AND SYCAMORE 
CARLINVILLE SYCAMORE 
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The subtotals at all 89 locations with accura te hail r e c o r d s were then multiplied by the 
RI index derived for their appropr ia te a r e a . The RI index for no r theas t e rn Illinois was 
l a r g e r than for wes t - sou thwes te rn Il l inois, so that a final hail r i sk value for corn at 
Sycamore ( 62 .4 ) was l a r g e r than that at Carl invil le ( 56.4 ). 
Actual corn hail r i sk values ran from a low of 22 in southeas tern Illinois to a high 
of 86 in nor thwestern Il l inois. The resul t ing indices were l inear ly scaled downwards 
to reduce the magnitude of the n u m b e r s . A r i sk value of 25 was equated to 1, and a l l 
other r i sk values were scaled to this base level so that a r i sk value of 75 was equal 
to 3, or was three t imes as g rea t as the ve ry low va lues . The resul t ing corn hail r i sk 
m a p is shown in Figure . 3. The pat tern of hai l r i sk for corn indicates that major a r e a s 
of low r i sk occur in the eas t - sou theas t , ex t reme south, and general ly along the upper 
port ions of the Illinois River Valley. Area s with double the r i s k ( 2. 0 ) include mos t 
of nor the rn Il l inois, an ea s t -wes t belt in sou th-cen t ra l I l l inois, and other sca t te red 
smal l regions in the s ta te . 
The bean hail r i sk values were computed in an identical fashion using SI indices 
( Table 2 ) derived from soybean data. The computed r i sk values in Illinois ranged 
from a low of 32 to a high of 121. These a lso were scaled downwards so that va lues 
of 35 or lower were equal to 1, making a bean r i sk value of 70 equal to 2. The r e s u l t -
ing pat tern of hail r i sk to soybeans is por t rayed in F igure 4. 
Hail r i sk to soybeans is lowest in ea s t - sou theas t e rn Illinois and general ly low 
a c r o s s most of cent ra l I l l inois . Areas of higher r i s k a r e found in sou th-cen t ra l and 
no r the rn Il l inois. 
Relat ionship of Corn and Bean Risks 
At each of the 89 hai l -da ta stat ions the unadjusted r i sk values for soybeans were 
Fig. 3. HAIL RISK TO CORN 
Fig. 4. HAIL RISK TO SOYBEANS 
Fig. 5. RATIO OF SOYBEAN RISK TO CORN RISK 
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divided by those for corn to obtain a ra t io which would be a m e a s u r e of the su rcha rge 
difference between corn and soybeans. 
The ra t ios obtained by dividing the soybean r i sk by corn r i sk for the 89 stat ions 
were plotted and a ra t io m a p constructed as shown in F igure 5. The soybean r i sks a r e 
g rea t e r than the corn r i sks throughout Il l inois, and the ra t io v a r i e s from a low of 1. 2 
in ex t reme eas t e rn Illinois to a high of 1. 8 in cent ra l Il l inois. In mos t a r e a s the bean 
r i sk is from 40 to 60 percent g r e a t e r than the corn r i sk , and the statewide average 
is 50 percen t . 
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HAIL INTENSITY STUDIES 
Introduction 
The des i r e to have other objective m e a s u r e s of the intensity of ha i l ' a l so led to 
th ree cl imatological studies involving var ious express ions of hail cha rac t e r i s t i c s . 
These studies were pursued to gain general bas ic hail knowledge and to obtain data to 
evaluate- the h a i l - r i s k intensity indices der ived from the loss cost data for the s ta te . 
Three different types of h i s to r ica l hail data were available to furnish var ious 
express ions of intensity. One of these was a detailed record of hailstone s izes which 
occurred during a 20-year period at Urbana. Hail intensity as related to c rop losses 
is usually a combination of factors including stone s ize , number of stones per unit 
a r ea , and associa ted wind speed at a given point ( 3 ). Normally, one can expect that 
a large number of big stones falling with high winds would be the worst possible condi-
tion for damage, both to crops and proper ty . However, damage to crops may not be 
too great when big stones occur because an excess ive number of la rge ( g rea te r than 
2-inch d iamete r ) stones per unit a r ea is seldom observed in Illinois ha i l s to rms . Thus, 
the occur rence of large stones does not neces sa r i l y se rve as an accura te measu re of 
hail intensity as related to crop losses. 
A second m e a s u r e of hail intensity was obtained using field r epor t s of 1100 coop-
era t ive o b s e r v e r s who part ic ipated in a 5-year p rogram of ha i l s to rm studies in Illinois 
( 7 ). In a 22, 000-square -mi le a r ea of cen t ra l Illinois located eas t of the Illinois 
River , these o b s e r v e r s , who were all f a r m e r s , repor ted detailed information on the 
incidence of hail and its var ious cha rac t e r i s t i c s including the t ime of occur rence , st?? 
s ize , and stone frequency on the ground. These obse rve r s a lso repor ted the occurrence?? 
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of damaging winds and the occur rence of c rop and proper ty damages .  . Although no 
m e a s u r e of the wind speed or exact amount of crop damage was provided, the hailstone 
cha rac te r i s t i c s and wind occur rences could be compared for all incidences of no c rop 
damage, for al l incidences of li t t le damage, and for al l occur rences of much c rop 
damage. Thus, s to rm cha rac t e r i s t i c s or intensity factors that re la ted to c rop losses 
could be evaluated in general loss t e r m s . 
The third source of data was records of the U. S. Weather Bureau. During a 
21-year period, 1928-1948, cooperative weather obse rve r s located throughout 
Illinois were asked to classify al l hail occur rences as having a "light, modera te , or 
heavy intensity". Instructions issued for use of these definitions were vague, but 
generally implied the degree of damage ( 8 ). Although subjective and thus prone to 
interpret ive e r r o r s between different o b s e r v e r s , i t seems reasonable to conclude that 
the classifications of light and heavy intensi t ies were quite likely comparable . That i s , 
the heavy intensity ha i l s to rm defined by mos t obse rve r s was likely to be a ser ious 
damage-producing local ha i l s to rm, whereas the light intensity definition used by most 
obse rve r s was likely applied to s to rms that did no measurab le damage. Thus, these 
subjective m e a s u r e s probably were a relat ively good measu re of hail intensity. In 
analyzing these data, further elimination of e r r o r s was hopefully attained by grouping 
the station data by a r e a s , and this was done according to the nine crop-growing regions 
of the s tate . Thus, if some obse rve r s tended to be biased, the sample size and the 
grouping of data from eight or more stations in each a r e a to a r r ive at regional values 
should help cancel inherent subjective e r r o r s . 
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In summary , these three forms of h i s to r ica l hail r e c o r d s in Illinois a r e not 
d i rec t m e a s u r e m e n t s of hail intensity, but they provide different and in teres t ing 
m e a s u r e s of cer ta in aspects of intensity. The Urbana 20-year record of hail s izes 
with 99 ha i l s to rms provides an excellent point sample of the stone size spec t rum and 
i ts differences with t ime and between months . The cooperat ive f a r m e r s ' r e p o r t s of 
hail from cent ra l Illinois provide a source of information on those conditions ( stone 
s ize , frequency, durat ion, and wind ) which combine to produce damage to c r o p s . The 
Weather Bureau r e c o r d s of th ree levels of intensity p r ima r i l y provide m e a s u r e s of 
regional intensity differences in Il l inois. Although none of these measu re s of intensity 
were d i rec t ly applicable to the hai l - f requency-intensi ty problem,they have provided 
useful support information for its use , as well as new and in teres t ing information on 
the cha rac t e r i s t i c s of Illinois ha i l s to rms . 
Urbana Hailstone Sizes and Diurnal Distr ibution 
In the 1946-1965 period detailed r eco rds of hail occur rences at Urbana were 
maintained. These r e c o r d s for each ha i l s to rm included the stone s izes , t ime of 
occur rence and durat ion, and the maximum wind gust at the approximate t ime of ha i l -
fall. In this 20-year period there were 99 h a i l s t o r m s , although in five instances two or 
more ha i l s to rms occur red on one day, resul t ing in hail on 91 calendar days . This is 
an average of more than 4 hail days per year which is above the 3+ annual average 
number for Urbana ( 9 ). Fo r convenience, the stone s izes were grouped into three 
c l a s ses with c lass 1 represen t ing stones l ess than 1/2 inch in d iameter , c l a s s 2 those 
of 1/2 inch to 1 inch, and c lass 3 those g rea t e r than 1 inch in d iameter . 
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The data for the various months is shown in Table 5. Because of infrequency of 
hail , the July ( 2 s to rms ) and August ( 8 s to rms ) data were grouped, as were the 
September ( 6 s to rms ) and October ( 2 s to rms ) data. These were reasonable 
seasonal groupings and allowed the de terminat ion of more rel iable ave rages for these 
per iods . 
TABLE 5 
HAILSTORM FREQUENCY, STONE SIZE FREQUENCIES, AND 
ASSOCIATED AVERAGE WIND GUSTS AT URBANA, 1946-1965 
When the frequency of the l a rge r ( c lass 2 and 3 ) s izes a re expressed as a percent 
of the total monthly ha i l s to rms , we find that for the months in the c rop season ( May -
October ), June had 18 percent , July - August had 30 percent , and September - October 
had 25 percent . Of the 99 ha i l s to rms in the 20 - year period only 20, or 20 percent of 
the total, produced stones measur ing 0. 5 inch or l a rge r in d iameter . F u r t h e r , stones 
measur ing over 1. 0 inch in d iameter occur red in only 5 s torms or in only 5 percent 
of the ha i l s to rms . This vividly i l lus t ra tes the re la t ive infrequency of l a rge stones at 
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a point. In the crop season eight s to rms produced 1/2 inch or l a r g e r stones and non?? 
of these occur red in May, and the only two s to rms with 1-inch or l a rge r stones 
occurred in the la ter part of the growing season. 
The wind data presented in Table 5 indicate that late summer and fall ha i l s to rms 
were associa ted with higher gusts on the average than those in the other t imes of the 
yea r . Thus, the July-October ha i l s to rms should have a better chance for crop damage 
potential than those in May and June. The re la t ively higher percentages of l a rge r 
stones in the July-October ha i l s to rms and the higher wind speeds with these s to rms 
suggest that ha i l s to rms at Urbana, at leas t in this 20-year period, were likely more 
intense in the July-October period than were ha i l s to rms in any other period of the y e a r 
TABLE 6 
DIURNAL DISTRIBUTION OF HAILSTORMS AT URBANA 
Number of Storms per Per iod 
Spr ing-Ear ly Summer Late S u m m e r - F a l l Winter 
Time, CST (March-June) (July-October) (Nov. -Feb . ) Totals 
0000-0300 6 3 1 10 
0301-0600 8 0 1 9 
1601-0900 7 1 2 10 
0901-1200 8 1 1 10 
1201-1500 12 5 1 18 
1501-1800 13 2 2 17 
1801-2100 7 5 5 17 
2101-2400 6 1 1 8 
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The t imes of occurrence of the 99 Urbana ha i l s to rms a r e also in teres t ing 
m e a s u r e s of the diurnal distr ibution of hail . The occur rences by 3-hour in tervals 
a r e shown in Table 6 for three 4-month periods and the total period. 
The occur rences of winter ha i l s to rms and those in March were quite evenly dis-
tributed throughout the day. Since these were largely al l frontal s t o rms , convective 
activity from daytime heating was not a major factor in s to rm development. The late 
spring, summer , and fall ha i l s to rms were most frequent in the afternoon hours and 
thus reflect the influence of diurnal heating. However, the late summer and fall 
ha i l s to rms showed a tendency for a secondary maximum of occur rence in the ea r ly 
evening hours , suggesting that more prolonged convective activity is required to 
obtain the development of hail at this t ime of the year . 
Hail Observer Data 
Over a 5-year period, 1958-1962, 1100 volunteer hail obse rve r s in centra l 
Illinois repor ted the occur rence of hail at their farms ( 7 ). During this t ime , 7 38 
detailed hail r epor t s were obtained. Data repor ted included the date and t ime of 
occur rence , duration of hailfall, maximum and average stone s izes , stone frequency 
per square foot, incidence of damaging winds, and the occur rence of crop damage. 
Crop damage was reported as none, l i t t le, or much damage, and generally r e fe r red 
to damage to corn and soybeans. 
The hail r epor t s were sorted into three c l a s ses : no crop damage (644 repor t s ) , 
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lit t le c rop damage ( 65 r e p o r t s ), and much damage ( 29 r epor t s ). The var ious hail 
p a r a m e t e r s for each c lass were analyzed and compared with the averages and medians 
for the other c l a s s e s . Some of the 738 r epor t s did not contain complete hail data, so 
cer ta in findings here do not r e p r e s e n t all 738 r e p o r t s . 
In Table 7, the number of r epor t s per month a re shown. As would be expected, 
ve ry few crop damage r epo r t s occurred in Apri l and October. June led in the number 
of damage repor t s and numbers in May, July, and September were near ly equal. 
Fo r ty - t h r ee percent of a l l the c rop-damage repor t s occurred in June. Comparison of 
the number of r epor t s per month revealed that 21 percent of a l l the June ha i l s to rms 
produced crop damage ( little or much ), whereas in July and August 33 percent were 
damaging and in September 50 percent were damaging. Thus, ha i l s to rms that occur 
in late summer appeared to be more capable of producing crop damage than those th?? 
occur ea r l i e r in the c rop season. 
TABLE 7 
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Hailstone Size Relations 
Table 8 shows the monthly numbers of r epo r t s sorted according to five different 
maximum stone s izes . About 14 percent of a l l 738 hail incidences produced stones of 
1-inch or more in d iameter . The 20-year Urbana record revealed that only 5 percent 
of the hail occur rences at a point had 1-inch or l a rge r s tones. 
The. 1/4 inch and 1-inch stones were most frequent in April whereas the 1/2-inch 
d iameter stones were more frequent in May, and both the 3/4- inch and the l a r g e r than 
1-inch stones occurred most often in June. 
Incidences of large stones, those of 3 /4- inch d iameter or g rea te r , show an 
interest ing p rogress ion with t ime . These large stone occur rences r e p r e s e n t 22 
percent of the Apri l incidences, 30 percent of the May repor t s , 39 percent of those 
in June, 42 percent of those in July, 53 percent of those in August, and 46 percent of 
the September total . 
TABLE 8 
NUMBER OF REPORTS OF HAIL SORTED ACCORDING 
TO MAXIMUM HAILSTONE DIAMETERS 
Maximum Stone 
Diameter 
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The t e m p o r a l i n c r e a s e i n c r o p d a m a g e f r e q u e n c y r e v e a l e d b y the p e r c e n t a g e v a l u e s 
i n T a b l e 7 a g r e e s wi th t h i s t e m p o r a l i n c r e a s e i n l a r g e s tone o c c u r r e n c e s . A l though 
the s a m p l e i s s m a l l , i t would a p p e a r t ha t , on the a v e r a g e , l a t e s u m m e r h a i l s t o r m s 
tend t o p r o d u c e l a r g e r s t o n e s t h a n t h o s e i n s p r i n g and e a r l y s u m m e r . 
Tab le 9 shows the m o n t h l y d i s t r i b u t i o n of the m a x i m u m s tone s i z e s that w e r e 
r e p o r t e d wi th s t o r m s p r o d u c i n g c r o p d a m a g e s ( l i t t l e a n d / o r m u c h ) and with s t o r m s 
p r o d u c i n g no d a m a g e . I n m o s t m o n t h s , the p e r c e n t a g e o f r e p o r t s l i s t i n g r e l a t i v e l y 
l a r g e s t o n e s ( 3 / 4 - i n c h o r m o r e ) a s s o c i a t e d wi th d a m a g e s was s o m e w h a t h i g h e r t h a n 
the p e r c e n t a g e l i s t i ng l a r g e s t o n e s wi th no d a m a g e s . H o w e v e r , the d i f f e r ence b e t w e e n 
t h e s e p e r c e n t a g e s w a s not s ign i f i can t i n m o s t m o n t h s , even i n J u n e , Ju ly , and S e p t -
e m b e r which a r e t h r e e o f the four m o n t h s o f m a x i m u m c r o p d a m a g e . In J u l y , for 
i n s t a n c e , m a x i m u m h a i l s t o n e s o f 1- inch d i a m e t e r o r g r e a t e r w e r e l i s t e d wi th 27 
p e r c e n t o f the d a m a g e c a s e s and wi th 21 p e r c e n t o f the n o - d a m a g e c a s e s . 
T A B L E 9 
N U M B E R O F MONTHLY O C C U R R E N C E S O F MAXIMUM OBSE RVED 
HAILSTONES IN F I V E SIZE CLASSES, E X P R E S S E D AS A P E R C E N T OF MONTHLY 
T O T A L R E P O R T S O F N O C R O P DAMAGE AND O F C R O P DAMAGE 
* ND= No damage 
** D= Damage to crops ( little and /o r much ) 
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Table 10 summar i ze s the maximum stone size data for all 738 r epor t s according 
to the three crop damage ca tegor ies . These data reveal the existence of a re la t ionship 
between stone s izes and the degree of c rop damage. Stones 1 inch or l a r g e r were 
associa ted with 35 percent of all much-damage cases , but with only 15 percen t of the 
l i t t le-damage cases and only 11 percent of the no-damage r e p o r t s . However, 41 per-
cent of the much c rop damage r epor t s occurred with stones of 1/2-inch or smal le r 
d i a m e t e r s . 
TABLE 10 
FREQUENCY OF POINT REPORTS OF MAXIMUM 
STONE SIZE FOR DIFFERENT SIZE CLASSES, EXPRESSED AS 
A PERCENT OF ALL REPORTS 
Maximum Stone Diameter , Inches 
Area l Frequency of Hailstones 
The number of stones per square foot for the 644 no-c rop-damage r e p o r t s were 
compared with the number for the 94 crop damage repor t s ( little and much ). The 
average number of stones associa ted with different maximum stone s izes is shown in 
Table 1 1 . For all s tones , r e g a r d l e s s of s ize , the frequency of stones per square foot 
for no-crop-damage was no different than that frequency for crop damages . F r o m the 
data in Table 11 it appears that the occur rence of crop damage is not a function of the 
number of stones that occur red . This was especially emphasized by the fact that the 
c rop damage cases associa ted with the smal le r stone s izes ( 1/4-and 1/2-inch diameter) 
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had a r e a l s tone v a l u e s t h a t w e r e l o w e r t han t h o s e a v e r a g e s a s s o c i a t e d wi th the l a r g e r 
s t o n e s . 
T A B L E 11 
A V E R A G E N U M B E R O F STONES P E R UNIT A R E A 
ACCORDING TO VARIOUS S T O N E SIZES 
N u m b e r of S tones p e r S q u a r e F o o t 
for M a x i m u m Stone D i a m e t e r s , I n c h e s 
Al l 
1/4 1/2 3 /4 1_ >1 S tones 
No D a m a g e 23 29 30 33 26 27 
L i t t l e and Much 
C r o p D a m a g e 27 23 22 42 30 27 
Wind wi th Ha i l 
T a b l e 12 shows the r e p o r t e d o c c u r r e n c e s of d a m a g i n g winds wi th c a s e s of di f fer-
eht d e g r e e s of c r o p d a m a g e and c a s e s of no d a m a g e , e x p r e s s e d as a p e r c e n t of a l l the 
ha i l r e p o r t s . A l l 2 9 r e p o r t s o f m u c h c r o p d a m a g e f r o m ha i l a l s o l i s t e d d a m a g i n g 
w i n d s . A l m o s t a l l r e p o r t s ( 95 p e r c e n t ) o f the l i t t l e c r o p d a m a g e i n c i d e n c e s a l s o 
w e r e a s s o c i a t e d wi th d a m a g i n g w i n d s , and i n t e r e s t i n g l y t h e r e was a s l igh t ly h i g h e r 
p e r c e n t a g e of winds o c c u r r i n g with the s m a l l e r s tone s i z e s . Only a s m a l l p e r c e n t a g e 
of the 644 no d a m a g e r e p o r t s l i s t e d d a m a g i n g w i n d s . Al though no wind s p e e d s a r e 
l i s t e d , t h e s e da t a de f in i t e ly ind ica t e t ha t h e a v y c r o p d a m a g e i s a l m o s t a l w a y s a s s o c i -
a t ed wi th h igh w inds c a p a b l e o f p r o d u c i n g d a m a g e . A p p a r e n t l y , s m a l l o r l a r g e s t o n e s 
t h a t fal l wi thout s i m u l t a n e o u s d a m a g i n g winds wi l l s e l d o m p r o d u c e c r o p d a m a g e . 
The d i r e c t i o n s o f the d a m a g i n g winds a s s o c i a t e d wi th the ha i l o c c u r r e n c e s a r e 
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shown in T a b l e 13 . No s ign i f i can t d i f f e r e n c e s in d i r e c t i o n a l f r e q u e n c i e s a p p e a r between 
the c l a s s e s of no d a m a g e , l i t t l e d a m a g e , and m u c h d a m a g e . A p r e p o n d e r a n c e of the 
d a m a g i n g winds b l ew f r o m the south , s o u t h w e s t , and w e s t . 
T A B L E 12 
O C C U R R E N C E OF DAMAGING WINDS WITH HAIL 
P e r c e n t o f Ha i l O c c u r r e n c e s wi th D a m a g i n g Winds 
S tones of S tones of 
1 /2" D i a m e t e r 3 / 4 " D i a m e t e r To ta l 
o r L e s s o r l a r g e r R e p o r t s 
Much C r o p D a m a g e 100 100 100 
L i t t l e C r o p D a m a g e 97 92 95 
No D a m a g e 12 14 13 
T A B L E 13 
DIRECTIONS OF DAMAGING WINDS WITH H A I L F A L L S 
P e r c e n t of T o t a l 
O c c u r r e n c e s i n E a c h D i r e c t i o n 
N NE E SE S SW W NW 
Much C r o p D a m a g e 10 0 0 0 38 17 25 10 
L i t t l e C r o p D a m a g e 5 0 2 8 16 29 23 17 
No D a m a g e 5 2 0 4 35 23 20 11 
D u r a t i o n of Ha i l fa l l 
The f ina l p a r a m e t e r a v a i l a b l e for i n v e s t i g a t i o n f r o m t h e s e d a t a was the d u r a t i o n 
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of ha i l f a l l . T a b l e 14 shows the a v e r a g e and m e d i a n d u r a t i o n s of h a i l f a l l s for the 
v a r i o u s d a m a g e c l a s s e s . T h e s e da t a r e v e a l t h a t d u r a t i o n i n c r e a s e d wi th the a m o u n t 
o f d a m a g e . T h i s i n d i c a t e s t ha t l o n g e r ha i l d u r a t i o n s a r e a s s o c i a t e d wi th m o r e c h a n c e 
for d a m a g e , and s u g g e s t the o c c u r r e n c e of a g r e a t e r f r equency of s t o n e s , or as 
S c h l e u s e n e r s u g g e s t s , a g r e a t e r v o l u m e of i ce p e r un i t a r e a ( 10 ) . The d a t a on the 
a r e a l f r e q u e n c y of s t o n e s in T a b l e 11 do no t s u p p o r t t h i s conc lus ion , a l t hough i t i s 
p o s s i b l e t ha t the a r e a l f r e q u e n c y counts o f s t o n e s a s s o c i a t e d with the l o n g e r d u r a t i o n 
ha i l f a l l s a r e s o m e w h a t i n c o r r e c t b e c a u s e o f a d d i t i o n a l t i m e for m e l t i n g d u r i n g the 
s t o r m . 
T A B L E 14 
DURATION OF H A I L F A L L AT A P O I N T 
D u r a t i o n i n M i n u t e s 
No L i t t l e Much 
C r o p D a m a g e C r o p D a m a g e C r o p D a m a g e 
A v e r a g e 6 .5 8 .7 1 2 . 5 
Med ian 5 5 10 
C o n c l u s i o n 
In g e n e r a l , i t a p p e a r s tha t t he one f a c t o r tha t c o n s i s t e n t l y p r o d u c e s c r o p - h a i l 
d a m a g e , r e g a r d l e s s o f s tone s i z e , s tone f r e q u e n c y , o r s t o r m d u r a t i o n , i s the 
a s s o c i a t e d o c c u r r e n c e o f high-speed d a m a g i n g w i n d s . T h u s , the i m p a c t e n e r g y o f the 
s t o n e s , r e g a r d l e s s o f t h e i r s i z e o r un i t f r e q u e n c y , i s g r e a t e r i n h igh w i n d s , which 
a g r e e s wi th f ind ings on c r o p d a m a g e s i s C o l o r a d o ( 10 ) . T h e r e i s s o m e d e g r e e o f 
a s s o c i a t i o n b e t w e e n l a r g e r s t o n e s and heavy c r o p d a m a g e , but d a m a g e d o e s o c c u r 
f r equen t ly wi th r e l a t i v e l y s m a l l s t o n e s . The f r e q u e n c y o f s t o n e s p e r un i t a r e a sho?? 
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no cor re la t ion with the occurrence of c rop damage, although the degree of damage 
does re la te with the duration of hailfall. The percentage of ha i l s to rms producing 
crop damage increased from month- to-month during the crop growing season, 
suggesting that late summer and ear ly fall ha i l s to rms on the average a r e m o r e 
capable of damage than those pr ior to July in cent ra l Illinois. 
U. S. Weather Bureau Hail Intensity Reports 
During the 1928-1942 and 1946-1948 per iods , U. S. Weather Bureau cooperat ive 
weather obse rve r s were asked to r epo r t the intensity of al l hailfalls as "light, mod-
era te , or heavy". These repor t s a r e subjective in definition ( 8 ), but the length of 
report ing period and the large number of station repor t s over the state pe rmi t some 
reasonable accuracy in determining the regional var ia t ions in hail intensi ty. 
Data from 50 stations in Illinois (F ig . 6 ) with excellent hail r e co rds for these 
18 yea r s were used in this analys is . To overcome observer b ias , the data from the 
stations were grouped according to the nine c rop- repor t ing d i s t r ic t s in Illinois 
(F ig . 6 ). The number of stations with data in each d i s t r i c t is shown in Table 15 along 
with the total number of hail r e p o r t s . The number of repor t s in the three intensity 
ca tegor ies a r e expressed as a percent of the total hail repor t s for each d i s t r i c t . 
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T A B L E 15 
NUMBER O F STATIONS AND NUMBER O F HAIL R E P O R T S P E R S T A T E DISTRICT 
P e r c e n t o f D i s t r i c t T o t a l 
N u m b e r T o t a l A v e r a g e 
o f R e p o r t s R e p o r t s L igh t M o d e r a t e Heavy 
D i s t r i c t S ta t ions P e r D i s t r i c t P e r S ta t ion In t ens i t y I n t e n s i t y I n t e n s i t y 
NW 11 286 26 75 16 9 
NE 7 191 27 78 17 5 
W 10 207 2 1 - 78 15 7 
C 4 98 24+ 72 18 10 
E 5 97 19+ 57 32 11 
WSW 7 197 28 83 9 8 
ESE                      5                        86                           17                            78                      14                  7 
SW                    5                       25                      25                          69                   24                7 
SE 5 53 1 1 - 90 4 6 
Al though the n u m b e r o f r e p o r t s p e r d i s t r i c t v a r i e s c o n s i d e r a b l y , t h e r e i s m u c h 
l e s s r e g i o n a l v a r i a t i o n w h e n t h e s e r e p o r t s a r e e x p r e s s e d a s the a v e r a g e n u m b e r p e r ' 
s t a t i o n . P r i o r ha i l r e s e a r c h h a s shown t h a t the a r e a s wi th the h i g h e s t a v e r a g e 
f r e q u e n c i e s o f s e v e r e h a i l s t o r m s , a s b a s e d o n l o n g - t e r m c l i m a t o l o g i c a l r e c o r d s , 
o c c u r in the two n o r t h e r n , the w e s t e r n , and in the WSW d i s t r i c t s ( 11 ) . T h r e e of 
t h e s e d i s t r i c t s have the h i g h e s t a v e r a g e n u m b e r o f r e p o r t s p e r s t a t i o n shown in 
T a b l e 15, r e v e a l i n g the r e p r e s e n t a t i v e n e s s o f the 1 8 - y e a r p e r i o d u n d e r s tudy. 
F u r t h e r , the E , E S E , and SE d i s t r i c t s have b e e n shown to be the a r e a s o f l o w e s t 
f r e q u e n c y of s e v e r e h a i l s t o r m s in I l l ino i s o v e r a 5 0 - y e a r p e r i o d , and the 1 8 - y e a r 
Fig. 6. STATIONS AND DISTRICTS USED IN REGIONAL 
HAIL INTENSITY ANALYSIS 
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sample of intensity data a lso agrees with this e a r l i e r finding. 
Not many grea t regional differences in intensity percentages appear in Table 15. 
The eas t d i s t r i c t does appear to have had significantly more modera te hail intensi ty 
occur rences than any other d i s t r ic t , and the southeast d i s t r i c t has significantly 
fewer modera te intensity ha i l s to rms than the other d i s t r i c t s . Based on the combin-
ation of the modera te and heavy intensity c l a s s e s , the percentage of al l ha i l s t o rms in 
the east , cent ra l , and southwest d i s t r i c t s that were intense ha i l s to rms was g rea te r 
than in other a r e a s of I l l inois. However, these d i s t r i c t s do not rank high in average 
number of ha i l s to rms . Both the NE and the WSW d i s t r i c t s , which rank high in the 
average number of hail occur rences per station, have low frequencies of intense 
ha i l s to rms . Only the northwest a r ea has a re la t ively high point average of hail-
s torms as well as a re la t ively high frequency of intense occur rences . 
Table 16 shows the number of modera te to heavy repor t s per d i s t r i c t in each 
month, expressed as a percent of the monthly total hail occu r rences . 
Considerat ion of the monthly averages revea l s that the percentage of more 
intense hail occu r r ences dec rease s steadily from March through June, but the June 
value is near ly doubled in July and the percentage r emains high in August and 
maximizes in September . The intensity-frequency peak in September ag ree s with 
the Urbana stone size-wind gust finding and with findings from the 1958-1962 
damaging ha i l s to rms in cent ra l Illinois. That is , ha i l s to rms in September more 
frequently have greater intensity or damage capability than those in any other 
month of the yea r . The somewhat higher intensity percentages in March and Apr i l 
re la te solely to the intensity reflected in damage to proper ty ra ther than c rops . 
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T A B L E 16 
P E R C E N T O F REGIONAL MONTHLY HAIL INCIDENCES 
R E P O R T E D AS M O D E R A T E OR HEAVY INTENSITY 
D i s t r i c t M a r . A p r . May J u n e J u l y Aug. Sep t . Oct . 
NW 20 21 15 36 25 18 36 21 
NE 13 17 25 18 21 10 50 20 
W 11 16 27 18 16 15 30 28 
C 33 18 13 0 32 58 100 0 
E 27 32 21 25 62 82 100 20 
WSW 25 16 5 10 39 10 22 0 
ESE 16 20 5 22 46 0 0 0 
SW 59 26 22 8 20 9 14 17 
SE 7              10                 13 2 2 0 0 0 
A v e r a g e 23 20 16 15 29 23 39 12 
The r e g i o n a l p e r c e n t a g e s in Tab le 16 show a r e l a t i v e l y h igh i n c i d e n c e of i n t e n s e 
h a i l s t o r m s in e a s t e r n and c e n t r a l I l l ino i s d u r i n g the J u l y - S e p t e m b e r p e r i o d . 
A l l h a i l s t o r m s r e p o r t e d i n t h e s e two d i s t r i c t s i n S e p t e m b e r w e r e c l a s s e d a s 
hav ing m o d e r a t e o r heavy i n t e n s i t y . 
A n o t h e r m e a n s o f s tudy ing the f r e q u e n c y of i n t e n s e h a i l s t o r m s in the c r o p 
s e a s o n i s a f fo rded in T a b l e 17. The m o d e r a t e and h e a v y i n t e n s i t y c o m b i n a t i o n o f 
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percentages revea l s that 60 percent of.the June-September ha i l s to rms in e a s t e r n 
Illinois were classified as relat ively intense, whereas only 2 percen t were so 
classed in the southeastern a r ea . The re su l t s for this combination of the two 
heavier intensi t ies suggest that a g rea te r proport ion of the s to rms in nor thwestern , 
central , and ea s t e rn Illinois a re intense than those elsewhere in the s ta te . 
TABLE 17 
FREQUENCY OF DIFFERENT HAIL INTENSITIES IN THE JUNE-SEPTEMBER 
PERIOD EXPRESSED AS A PERCENT OF TOTAL HAIL REPORTS 
Intensity 
Classes NW NE W_ C_ E_ WSW ESE SW SE 
Light 69 79 78 62 40 82 60 88 98 
Moderate 14 15 13 19 46 2 15 9 2 
Heavy 17 6 9 19 14 16 5 3 0 
Moderate + 
Heavy 31 21 22 38 60 18 20 12 2 
If regional intensity compar is ions a r e based solely on the heavy intensity 
frequencies in Table 17, then the a r e a s of more frequent intense ha i l s t o rms a r e 
centra l , nor thwestern, wes t -southwestern , and eas t e rn Illinois. Thus, ha i l s to rms 
in cen t ra l Illinois a re going to reach heavy intensity in the crop season th ree t imes 
more often than those in nor theas te rn Illinois and six t imes more frequently than 
those in southwestern Il l inois. If these frequency values can be cons idered to 
r ep re sen t actual regional differences in hail intensity, then the percen tages for 
heavy intensity, or for any of the intensity levels , could be used as numbers to 
express regional differences. 
-28-
Compar ison of Results from Climatological Intensity Studies with the CHIAA 
Intensity Indices 
The seasonal intensity indices derived from the CHIAA data for soybeans and 
corn show maximizat ion in July ( Tables 1 and 2 ). The Urbana hailstone-wind data 
and the 1958-1962 cen t ra l Illinois obse rve r r e co rds do not indicate that h a i l s t o r m s 
a r e at the i r g rea tes t intensi t ies in July, but r a the r in ea r ly fall. The July peaks in 
the insurance intensity indices obviously a r e determined more by the susceptibi l i ty 
of the crops to damage in July than by any grea t i nc rease in intensity in h a i l s t o r m s 
at this t ime . The cl imatological hai l intensity findings indicate that, except for 
May and June s to rms , the July ha i l s to rms a r e slightly l ess intense than those in the 
succeeding months. 
Monthly ra t ios of hail intensity based on the var ious climatological p a r a m e t e r s 
a r e presented in Table 18 along with those intensity indices derived from the CHIAA 
s to rm loss data. The U. S. Weather Bureau index was derived from the average 
monthly values of intensi t ies shown in Table 16. These percentages of a l l s t o r m s 
per month c lassed as modera te or heavy intensity were compared by assigning the 
lowest value,' which was 12 percent in October, the value of 1. The monthly number 
of cent ra l Illinois hail reports of light and much damage ( Table 7 ) were expressed 
as a percent of normal , and the resul t ing values were compared after ass igning the 
lowest value, 7 percent in May, the value of 1. An intensity index was derived f rom 
the monthly Urbana stone size-wind gust data by express ing the number of hail 
r epo r t s with stones l a rge r than 1/2-inch as a percent of a l l monthly r epo r t s , and 
then multiplying this value by the average monthly gust speed ( Table 5 ). All th ree 
forms of cl imatological data produce their highest indices of intensity in Septembe?? 
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and the next highest in July and August. 
TABLE 18 
VARIOUS INTENSITY INDICES FOR MONTHS IN THE 
CROP SEASON 
The CHIAA loss cost data were used to der ive regional loss - in tens i ty ( RI ) 
values which were used in the derivat ion of the final r i sk values for Ill inois. 
These values a re l isted in Table 19 for the nine c rop d i s t r i c t s . The regional loss 
costs were normalized to a base of 1 by assigning the lowest cost value, $0. 3 in 
the ESE dis t r ic t , the value of 1. Similar ly , the heavy intensity d i s t r i c t percentages 
( Table 17 ) from the Weather Bureau data were made comparable by assigning the 
smal les t number above ze ro , which was 3 percent in the SW dis t r ic t , the value 
of 1. 
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TABLE 19 
VARIOUS REGIONAL INTENSITY VALUES 
Comparison of the values and the i r ranks shows a genera l lack of agreement . 
The loss cost values indicate the max imum loss from hail intensity differences as 
well as crop susceptibil i ty differences occurs in the NW, NE, WSW, SW, and SE 
d i s t r i c t s . The cl imate indices indicate that g rea tes t frequency of intense hail-
s to rms occurs in the C, NW, WSW, and E d i s t r i c t s . 
Both intensity express ions agree by indicating high regional values in the NW 
and WSW and generally low intensi t ies of hail in the W and ESE. In a l l the other 
five d i s t r i c t s the resu l t s do not a g r e e . The d i sagreement in these two express ions 
of regional intensity differences in hailfalls probably is a resu l t of the fact that the 
CHIAA loss cost values a r e strongly affected by regional differences in the 
ta rge t , that i s , the susceptibil i ty of the crops to damage. However, the statewide 
pat tern of intensity var ia t ions shown by the cl imate data appears to be quite 
reasonable in light of past hail r e s e a r c h in Illinois ( 11 ). 
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1965 HAILSTORMS ON DENSE RAINGAGE NETWORKS 
Introduction 
The State Water Survey opera tes four dense raingage networks in I l l inois . On 
four different dates in the spring of 1965, ha i l s to rms passed over portions of th ree 
of these networks, and cer ta in interest ing data concerning the surface features of 
these ha i l s to rms were obtained. 
These networks a re composed of recording and nonrecording ( stick ) r a ingages . 
Obse rve r s who make daily measurement s of rainfall at the stick gages a lso a r e 
asked to repor t the t ime of occurrence , durat ion, and the size of hail. Evaporat ion 
funnels in theiweighing-bucket recording ra ingages were removed so that the 
occurrence of hail was r eg i s t e red as the stones s t ruck the bucket inside the gage. 
No stone s ize, classif ication, or frequency data a r e obtained, but the occur rence and 
exact t ime of the hailfall is r eg i s te red . The resul t ing data from the dense networks 
furnished in teres t ing detai ls on the hail paths, s t o rm movement, and the re la ted 
rainfall amounts . Similar pr ior investigations have been made of other ha i l s to rms 
on these networks ( 3 , 4, 5, 12 ). 
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Hai ls torms on March 28, 1965 
On the afternoon and evening of March 28, 1965, seven separa te ha i l s to rms 
passed ac ros s portions of the Shawnee raingage network, which is located in the hill 
region of southern I l l inois . Four of these s to rms occurred with afternnon thunder-
s to rms associa ted with an ea s t -wes t s tat ionary front located just north of the s t o r m 
zone, and three occur red during the night. These la te r s to rms were assoc ia ted with 
the passage of the old s ta t ionary front which had become a cold front with southward 
movement. The winds at 500 mb in the s to rm a r e a were from the WSW at 7 0mph. 
In Figure 7 the paths of two afternoon ha i l s t o rms a r e por t rayed. Isochrones 
( t ime lines ) por t ray the t ime of occur rence of hail and its forward advance. Storms 
labeled 1 and 2 were apparent ly associated with one large thunders torm which moved 
from the southwest to nor theas t . The associated isohyetal ( ra in ) pat tern and hail 
a r e a s suggest that the thunders to rm had two hail cells with one diss ipat ing ( s to rm 1) 
and the other cell developing as the s to rm moved a c r o s s the network ( s to rm 2). In 
both instances the a rea of hailfall was centered where rainfall was grea tes t . S torm 
labeled number 1 ( Fig. 7 ) was advancing at 20 mph, whereas hail cell number 2 was 
moving forward at 55 mph. The average duration of hail at a point was 1 minute or 
l e s s , and the duration for r a in was only 5 minutes . Sizeable deflections on the char t 
r ecords at gages 62, 59, 60, 56, and 0 ( near Marion ) indicated that s t o r m number 
2 was producing modera te ly large hail at these points. The stick gage obse rve r at 
gage number 32 ( east of Marion ) recorded hail of 3 /4- inch d iamete r . This l a rge r 
hail cell ( s to rm 2 ) produced hail over 180 square m i l e s . 
Two other afternoon ha i l s to rms occurred in the a r ea as shown in F igure 8. 
Fig.7. HAILSTORMS 1 & 2 ON MARCH 28, 1965 
Fig. 8. HAILSTORMS 3 & 4 ON MARCH 28, 1965 
Fig. 9. HAILSTORMS 5,6 & 7 ON MARCH 28,1965 
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Storm 3 was entering the Shawnee network ahead and jus t a few mi les north of s to rm 
number 1 (F ig . 7 ), This s to rm ( s t o r m 3 ) dissipated short ly after entering the 
network, as did number 1, and was associa ted with low rainfall amounts which fell 
in 3 minutes or l e s s . The final afternoon ha i l s to rm ( s to rm 4 ) occur red as s t o r m 
number 2 was dissipat ing. This s to rm produced smal l hail over a few square mi l e s . 
However, the hail fell where the ra in cell maximized with 0.45 inches of ra in in 10 
minutes . 
F igure 9 depicts the pat terns of th ree night ha i l s to rms during the night of March 
28. S torms 5 and 6 both developed at 2200 CST and moved to the nor theas t at speeds 
of 30 mph and 26 mph, respect ive ly . The hailstones were smal l and the associa ted 
ra in was light. The hail fell general ly in the center of the ra in pa t te rns . The final 
hail cell ( s torm 7 ) moved a c r o s s the network at a speed of 15 mph. The 4 - mile 
wide a r e a of light hail fell along and to the left of the heavy rainfall associa ted with 
it. 
The seven March 28 s t o r m s : 1) moved at widely differing speeds, 2) produced 
hail over widely different sized a r e a s , and 3) were associa ted with a wide range of 
rainfall amounts . However, they had common cha rac t e r i s t i c s in that mos t of the 
hail fell in the center of the r a in pa t tern or cell , and the duration of associa ted ra in 
was quite short . Heavy rainfall r a t e s occurred , but the short durations produced 
smal l point amounts . 
Ha i l s to rms on April 5 - 6 , 1965 
During the night of April 5 - 6 , 1965, six hail cells ( s t o rms ) passed a c r o s s 
the Little Egypt raingage network in southern Ill inois. The init ial ha i l s to rm appea r -
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ed on the network at 2350 CST on April 5, and the las t s t o rm on the network 
terminated at 0240 CST on Apri l 6. The f i r s t four s to rms were associa ted with 
thunders to rms in a squall zone lying ahead of a cold frontlocated in southeastern 
Missour i , and the las t two were associa ted with thunders torms associa ted with the 
cold frontal passage . 
The f i rs t th ree hail cel ls a r e shown in Figure 10a. Rainfall amounts with each 
cell were ext remely light, l e ss than 0. 04 inch, and the raingage t r a c e s suggest 
that al l the precipi tat ion may have been derived from the hail . Cells 1 and 2 
apparent ly occurred in one large thunders torm, and both cells moved to the north-
eas t at speeds of 30 mph. Rain and hail in cell 3 apparently developed simultaneous-
ly at gage L and moved off the network. 
Hail cell number 4 (F ig . 10b ) moved from the west onto the network at a speed 
of 25 mph. Hail fell along the r ight flank of the heavy ra in zone, and most of the 
recording raingages in the hail a r e a indicated that the hail again constituted much of 
the measurab le precipi tat ion. 
Cell number 5 bare ly occur red on the network, but it was associa ted with a 
thunders to rm which moved from the northwest r a the r than from the WSW as had the 
p r io r hail cel ls in this s e r i e s of s t o r m s . The las t hail cell of the Apri l 5 - 6 s e r i e s 
(F ig . l0d ) derived from a mass ive thunders to rm which also moved from the 
northwest . The cell 6 hail fell along the r ight flank of the center ( heavy rain ) of 
the s torm, and the hail cell moved from the northwest at 30 mph. In the network, 
hail fell over 100 square mi l e s , and the stick gage obse rve r s at gages 27 and 32 
FIG. 10 HAILSTORMS ON APRIL 5 - 6 , 1965 
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repor ted hai ls tones with d iamete r s of l e ss than 1/2-inch. 
The three hail cells on April 5-6 associa ted with moderately heavy ra in ( numbers 
4, 5, and 6 ) occur red along the right flank of the s to rm center , whereas those 
associa ted with light precipi tat ion did not. In mos t a r e a s of hail occur rence the 
amount of hail appeared to r ep re sen t much of the precipi tat ion recorded . Never the less , 
very little precipi tat ion ( less than 0. 05 inch ) fell in most of the hail a r e a s . 
Hai l s torms on Apri l 8, 1965 
In a 7. 5-hour period on Apri l 8, 1965, a s e r i e s of six ha i l s to rms passed a c r o s s 
the 13-square -mi le Boneyard raingage network. This small , densely-gaged network 
is located in Chainpaign-Urbana, and many detailed repor t s of hail were gathered in 
the urban a r e a . The network a r ea was too smal l to obtain complete a r e a l d e s c r i p -
tions of any of the hail ce l ls , but portions of their total hail pa t te rns , the re la ted 
rainfall pa t te rns , and other hail cha rac t e r i s t i c s provided a means for an in teres t ing 
study of a case of multiple hail occur rences over a smal l a r ea . 
The hai l -producing s to rms occurred along an eas t -wes t oriented warm front 
lying a c r o s s cent ra l Il l inois. An associa ted deep low moved into the s to rm a r e a by 
late afternoon, and the las t s to rms on the 8th occurred in the warm air sec tor of the 
low. 
The f i r s t cell (F ig . 11 ) moved a c r o s s the nor theas te rn portion of the network 
from the northwest at a speed of 25 mph. Only smal l hail ( l e s s than 1/4-inch 
diameter ) was produced, and rainfall was very light with durat ions of 5-10 minutes . 
Cell 2 occurred 20 minutes la ter , moving from the west at 20 mph. Hail was again 
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smal l and rainfall amounts were low. Durations of hail and ra in at a point were le?? 
than 5 minutes . 
Cell 3 occurred three hours la ter ( Fig . 11 ) and jus t bare ly reached the network 
a r e a . Small hail and light ra in were again produced, and the s to rm moved from the 
WSW at about 15 mph. Cell 4 was the f i rs t s t o rm to produce modera te ly heavy ra in 
and large hail . The rainfall core , as defined by the 0 .2- inch line, is unusually 
nar row, about 1 mile wide. Stones measuring up to 1. 5 inches in d iameter occur red 
in the heavy rainfall core with i r r egu la r shaped stones of 1-inch d iameter throughout 
much of the hail a r ea in the network. Durations of the hailfalls at a point var ied 
from 2 to 4 minutes , and in many a r e a s stones a lmos t completely covered the ground. 
The s torm moved from the west at 25 mph. 
Ninety minutes la te r cell 5 moved ac ros s the network from the WNW at a speed 
of 15 mph. Spherical hail stones measured between 1/2-inch and 1-inch in d iamete r 
and point durat ions ranged from 2 to 5 minutes . In some a r e a s hail nearly covered 
the ground, and as shown of Figure 11, the ra in was modera te ly heavy. Radar indica 
ted that the s to rm which produced hail l isted as cell 5 had a tornado-hook echo pa t te rn?? 
west of the network. 
The final hail cell of Apri l 8, cell 6, was the only one which had both edges 
defined as it passed a c r o s s the network from the WNW. This na r row cell ( 1-mile 
wide ) moved at 18 mph, and like the f i rs t two morning hail ce l ls , was associa ted 
with very light ra in and produced smal l hai ls tones . 
Figure 11 also depicts the rainfall pat tern based on the total ra in from the six 
Fig. II. RAINFALL AND HAILSTORMS ON APRIL 8, 1965 
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ha i l s to rms . Encircled numbers indicate the number of hail cells that occur red at 
var ious locations in the network a r e a on Apri l 8. Some locations in the northwest 
portion of this 13-square-mi le a r ea experienced five hailfalls in 7. 5 hours , whereas 
other points l e ss than 2 mi les away experienced only one hailfall. 
Summary 
A review of the cha rac t e r i s t i c s displayed by these 19 spring season hail cells of 
1965 revea ls cer ta in interes t ing facts. 
1. There were two basical ly different types of ha i l s to rms . 
2. The f i rs t type produced very light rain, smal l stones, and hail over a smal l 
a r ea . 
3. The second type was associa ted with large thunders to rms which produced 
moderate ly heavy rainfall , modera te to large hai ls tones , and hail over 
large a r e a s . These cha rac te r i s t i c s a r e s imi lar with those found in most 
summer season ha i l s to rms in Il l inois. 
4. On a given day and within a short period of t ime, both types of ha i l s to rms 
occurred . 
5. Within a period of only a few hours and in re la t ively smal l a r ea s ( 13 to 
1000 square mi les ), the hail cells moved at widely varying speeds and 
di rec t ions . 
6. The hailfall in the f i r s t type of s to rm ( smal l hail cells occurr ing with 
light precipitat ion ) frequently represen ted much of the s t o r m ' s precipita-
tion, and frequently occurred in the center of the rainfall or s to rm core 
and over much of the s t o r m a r ea . 
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7. The hailfall with the second type of hail cell also frequently occurred in ??
a rea of light precipi tat ion, but it was general ly located on the right flank 
of the heavy precipitation area. 
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